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Abstract
Cyclical asymmetry has been recognized as a non-linear phenomenon in recent studies examining
unemployment rate time series. The probabilistic structure of such time series is different during
economic upswings as compared with economic downswings. 5'0, with forecasting unemployment
rates in mind, it seems intuitive that models should reflect this change in structure by incorporating
non-linearities. This allows for the switching in optimizing behaviour between different phases of
the business cycle. Accordingly, this paper eoalUJZtesthe point forecasts from models of the monthly,
Australian unemployment rate series, these models being drawn from both the linear and non-
linear classes. The non-linear model is based on a standard logistic smooth transition autoregressive
(LSTAR) model of unemployment which includes a lagged leoel term and a seasonal, rather than
first-difference transition variable. Forecasts from this model are evalUJZtedagainst the best-fitting
linear autoregressive (AR) alternative. Dynamic point forecasts over twenty four months, suggest
that the L5TAR forecasts are more accurate than the linear AR alternative. Howeoer, there is no
statistical difference between the forecasts from both models on a one-ta-twelve step-ahead basis.
1. Introduction
The issue of asymmetry in the business cycle can be traced back more than seventy years
(Mitchell, 1927; Keynes, 1936; Hicks, 1950). Qualitative and structural differences in the
behaviour of the economy at different stages in the business cycle tend to produce an
asymmetrical pattern. This asymmetry is evident in the sharp and regular short-lived
contractions during economic downturns, and in gradual expansions during recoveries.
In respect to counter-cyclical series such as the unemployment rate, asymmetry implies
that the probabilistic structure of such time series is different with increased unemployment
during economic downturns and a gradual reduction in the 'unemployment rate during
economic upswings.
Visual inspection of the graph of the Australian unemployment rate suggests asymmetry
in the series (for example, see figure 1, p. 43). Not only does the unemployment rate rise
quickly to its peak and then descend to close to its original level in a slow and protracted
fashion, but the duration between trough to peak is much shorter than between peak to
trough.
There have been a number of economic theories advanced to explain this phenomenon.
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Asymmetric adjustment costs of labour have been credited with an important role in
generating asymmetries. These costs include the Blanchard and Summers (1987) and the
Lindbeck and Snower (1988) insider-outsider mechanisms for wage settings. Blanchard
and Summers (1987) assume the insiders (employed persons) ability to ignore the outsiders
(unemployed) in wage setting. They focus on the implications of insider power and how
this, when combined with rules for defining insider status, alters the size of the insider
group in the presence of shocks. Labour turnover costs, or the difference between hiring
and firing costs (see Burgess 1988, Burgess and Donaldo 1989, and Pfann and Palm 1993)
have been advanced as another cause. Lindbeck and Snower (1988) examine the sources
of insider power and conclude that such power results from a range of turnover costs
which make it costly for employers to replace insiders with outsiders. The outsider
ineffectiveness hypothesis (see Layard et al, 1991) assumes that insiders are insulated
from wage setting in the extemallabour market. The reason being that a portion of the
outsiders are long term unemployed and, as such, are not viable as substitutes for insiders
or the short term unemployed. Search-theoretic models (Pissarides, 1992) suggest the
presence of asymmetries as a result of loss of skills and a reduction in job search
effectiveness due to long-term unemployment. Empirical evidence suggests that job losses
occur at a higher rate during a recession than during an economic recovery. This loss is
not compensated by an asymmetry in job creation. The result is an asymmetrical pattern
in employment.
Univariate linear time series models with symmetrically distributed random shocks cannot
generate output with asymmetric fluctuations. Modelling asymmetry requires univariate
non-linear time series models. Non-linear or piecewise-linear models are capable of
producing complex outcomes like limit-cycles, jumps and discontinuities. These outcomes
are all typical of the economic behaviour underlying unemployment. As a consequence,
asymmetry in the business cycle has been recognised as a non-linear phenomenon by
recent studies using postwar unemployment rate series.'
The concept of hysteresis (or full persistence) in the unemployment rate attempts to explain
its tendency to remain at an equilibrium level before an equally likely movement in either
direction. Blanchard and Summers (1987) reinforced this explanation when they used an
'insider' model to demonstrate that employment followed a random walk with error.
However, as pointed out in Skalin and Terasvirta (1999), this view of the dynamics of
unemployment rates contradicts the notion of asymmetry as measured by sharp increases
followed by slow decreases. If the underlying generating process is linear, then the
existence of a unit root may explain the hysteresis view of market oscillations. It follows
that the test of a unit root is tantamount to a test of the presence of hysteresis in the data
under the assumption that the underlying data process is linear.
With the exception of some U.S. studies, most analyses of unemployment rates have found
evidence of a unit root and conclude that hysteresis is present in the data. As a consequence,
these studies use the first-difference rather the level of the unemployment rate in order to
induce stationarity. However, if the underlying data generating process is non-linear, then
1. Evidence 01 univariale non-linear behaviour was lound by Luukkonen and Terisvirla (1991). as well as by Terisvirla and
Anderson (1992), alter lesting thineen DECO unempioymenl rate series lor linearity againsl non-linear altematives. Using
U.S. monthly aggregale and sectoral unemployment rates. Ham and Sayers (1990) and Rothman (1998) also lound strong
evidence of non-linearity oflhe threshold-type, while Rothman (1991) was the lirst 10 identify asymmetric evidence within a
Markov chain context. Slcalin and Terisvirta (1999) locus on Ihe asymmetry observed in a number 01 OECO unemployment
rate series. They found that, lor those series lor which nC?n·linearities were found by lesting. univariate non-linear modeis 01
the threshold-type provided the better lit. A study by Peal and Slevenson (1996) provided empirical evidence of business cycle
asymmetry using aggregate seasonally-adjusted data drawn from the Australian labour market.
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the presence of a unit root may not contradict the visual reality that most unemployment
rate series exhibit asymmetrical behaviour. Using a simulation study, Skalin and Terasvirta
(1999) demonstrated that this was indeed the case when a particular non-linear model
was used as the underlying data generating process capable of generating asymmetrical
patterns.' Further, with the unemployment rate bounded, they assumed stationarity in
the first instance, and tested for linearity against the logistic smooth transition (LSTAR)
alternative that incorporated asymmetry. When the series was modelled, levels and not
first-differences were used.
We adopt the same approach in this paper. After testing for asymmetry and (LSTAR)non-
linearity, we estimate and evaluate forecasts of the Australian unemployment rate series
from both the univariate linear and non-linear (LSTAR) time series models. We assume
that the unemployment rate series is stationary and estimate and forecast from a model of
the level of the unemployment rate. We use seasonally unadjusted Australian aggregate
unemployment rate data and deal with seasonality in the data at the modelling stage.
In the following section we discuss the Australian unemployment rate analysed in this
study. In Section 3 we outline the procedure we use to test for, and to model asymmetric
patterns in the data. Section 4 contains test results for asymmetry in the data and the
estimation of models. Out-of-sample forecasting and forecast evaluation is carried out in
Section 5. Section 6 contains concluding remarks.
2. Data
The data used in this study are drawn from the aggregate monthly Australian
unemployment rate series as supplied by the Australian Bureau of Statistics (ABS). This
series is compiled from the Labour Force Survey and span the period from February, 1978
until July, 1999.3 As forecasting the Australian unemployment rate series is a prime
motivation of this study, we held out two years of observations to use in the forecast
evaluation stage. This resulted in 234 observations being used in the estimation of time
series models.
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2. They chose a model hom the non·linear autoregressive class known as the logistic:smooth IIlInsitiOll autoJegleSSive (lSI'AR) model.
3. We chose to use the monthly aggregate unemployment rate series following our Chow breakpoint test results on the quarterly
aggregate unemployment rate data (available on request). These results indicate the existence of a possible structural break in
the quarterly series at the beginning of 1978. The strueturalbreak identified coincides with the introduction 01 survey-based
monthly unemployment statistics by the ASS.
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Visual inspection of this data series reveals it is obviously asymmetrical in nature. Clearly,
it is also a bounded series. As previously discussed, we assumed stationarity of the data
and then tested for the suitability of a linear model. Depending on the presence of a unit
root in the data, and whether the linear model is the accepted model, the data may need
to be differenced before estimation of a model and forecasting can take place. If a non-
linear model that incorporates asymmetry is the appropriate model, then Skalin and
Terasvirta (1999) have demonstrated that non-linearity and asymmetry are not
contradictory and that modelling the unemployment level is justified.
3. Tests for Asynunetry and Non-linearity of
the Australian U'rre rrrp'Io yzrrerrt Rate Series
The testing procedure used, to study possible asymmetry of the Australian unemployment
rate series comprises a specific test for the presence of asymmetry based on skewness
statistics, as well as a time series test for testing linearity against a pre-specified type of
non-linear autoregressive model. For the time series test, the null hypothesis that aggregate
unemployment data was generated by a univariate linear process, was tested against the
alternative of a well-known univariate non-linear process, the logistic smooth transition
autoregressive (LSTAR) model. Skalin and Terasvirta (1999) found this model was useful
in capturing asymmetry when it was present in a range of quarterly unemployment rate
series from DECO countries. They also showed how the model was easy to interpret and
how it fitted th~ data much better than a linear autoregressive model.
A Specific Test: of Asyn'l.7net:ry based on
SkeU7ness St:at:ist:ics
DeLong and Summers (1986) tested for asymmetry of a time-series by testing the null
hypothesis of zero skewness. If ~ and ~ are the second and third centred moments of
a stationary time series, then the test statistic is given by
SK==...!!!.L
R
Under the null hypothesis, the estimate of the skewness coefficient, SK, is normally
distributed.
We followed the Monte Carlo approach of DeLong and Summers (1986). Firstly, we fitted
anAR model to our data to filter out serial correlation. We then calculated the SK coefficient
from the fitted values. The variance of the SKcoefficient was found by simulation whereby
CrSIC was calculated from 300 simulated series using the fitted AR model. The z-score of
_ st-o
Sf( was calculated in the usual way with z == _ I"" .
US/( -en
A Ti7ne Series Test: for Non-linearit:y
Following Luukkonen and Teriisvirta (1991),assume that a white noise innovation process,
{~}, and a time series, {Yt}, are observed at t = 0,1,2, .... Suppose the following relationship
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between the innovation series and the time series arid its lags at time, t, is given by:
h(Y"Y,-1'Y,.z"") = e, , (1)
where h is a given function, either linear or non-linear. If the process is stationary and
ergodic, then the relation given in (1) may be approximated by a univariate linear
autoregressive model with coefficients, ~ ,
p




as long as the roots of'L,hjZj = 0 lie outside the unit circle.
j_a
As Mittnik and Niu (1993)point out, if the linear model given by (2) is to be retained and
asymmetric cycles are to be accounted for, then a non-symmetric error distribution is
necessary. If we want the error distribution to be symmetric (possibly normal), and our
model to generate asymmetric cycles, then (2) is no longer appropriate. They categorized
the sources of asymmetric behaviour by viewing the variable as output from a stochastic
dynamic system as depicted in figure 2.
Figure 2 Components of a Stochastic Dynamic System




The system is represented by
(3)
where Yt denotes the variable of interest, e, is an innovation or noise-input sequence and
the function, g, represents the economic system or transmission mechanism. Asymmetry
of the output, Yt' can be viewed as being caused by different combinations of the
transmission mechanism, g, and input noise, e,' The four categories that explain the
symmetrical nature of the observed variables from the above dynamic system are
summarized in table 1 below.
Table 1 Explanations for Asymmetry of Time Series Output
Category Noise Input Transmission Mechanism Output
I Symmetric Linear Symmetric
2 Asymmetric Linear Asymmetric
3 Symmetric Nonlinear Asymmetric
4 Asymmetric Nonlinear Asymmetric
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Asymmetries in time series output can result from either a linear or non-linear transmission
mechanism with either symmetrical or asymmetrical innovations. Our testing procedure
involves determining the superiority of a non-linear LSTARmodel as opposed to a linear
alternative.
In order to facilitate discussion of the LSTARmodel and the testing procedure followed in
this paper, the usual specification of the linear autoregressive model is parameterised using
first differences.t'Ihis parameterisation, in contrast with equation 2, is given by equation 4
below. It is this parameterisation that is used throughout the remainder of this paper.
p s-1
all =.t1 +alt-1 +J;lPljaYt- j + i~/11iDit +et (4)
where Yt is the unemployment rate in pe;cent, Dit denotes seasonal dummies, i=1,2, ...,
s=12 for monthly data, and e, - NID(O, u. ).
The LSTAR model is defined by equation 5 below, with the transition function,
G(60S~-d;r,c), incorporating asymmetry into the model by providing the mechanism
that allows for the smooth transmission from one equilibrium to the next. Importantly,
the variable in the transition function, 6osft_d, is a lagged seasonal difference while the
unemployment rate process, Yt' is expressed in levels and remains bounded in probability.
p 8-1
60ft =P1 +a1~-1 + ~ ,o1j·60~-J·+ ,2: TIliDit +)=1 1=1
[
P .1'-1]...+ #2 +a2~-1 + ~ ,o2j·6.Yy_)'+ ~ TI2·Dit G(6.s~_d;r,c)+e,J=1 1=1 I
(5)
For the LSTAR model, the transition function is defined by:
G(.6..Y,_d;Y'C) = [1+exp{- y(60.Y,_d -c)! a(£i,Y,}t' (6)
Patterns of asymmetry in the data are captured by the way the LSTAR model reflects
rapid growth to the upper regime before a slow decline in the series toward its lower
regime. If the change in the unemployment rate is dose to zero, then the resulting small
value of the G(e) function ensures the subsequent change in the unemployment rate will
also be small. A large positive shock increases the value of £iyt_1 and the value of G(e)
through the large value of y. Growth continues as G(e) approaches its upper value of
one, until a negative shock slows the process. Further negative shocks tend to hold the
unemployment rate in the upper regime before gradually returning it to the lower regime.
The time series test of linearity used in this study was the Lagrange Multipler (LM) test
as described in Granger and Terasvirta (1993). This test is constructed by expanding the
transition function given by (6) as a Taylor's series. After merging terms and
reparameterising, theresultant auxiliary regression equation forms the basis of the test 5.
What is dear from equations (4) and (5) is that the LSTARmodel has a univariate linear
4. It is important to note that we are not taking first·differences of a model ofthe level of unemployment, but rather incorporating
first-differences into the model of levels through parameterisation.
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autoregressive model nested model within it. The LM test used in this study is a nested
test in which the null hypothesis of a univariate linear model is obtained as a special case
of the non-linear alternative. Given our focus on developing a forecasting model, along
with the success experienced by Skalin and Terasvirta (1999) in fitting the LSTARmodel
to asymmetrical unemployment data, we adopted the Granger and Terasvirta (1993) LM
test. We favoured it from among the many available nested and non-nested tests, because
of its optimality in terms of power against the alternative of LSTAR non-linearity.
Conclusions from our non-linear time series test provide the first stage in determining
from which of the above categories in table 1, the most· suitable model is likely to come.
The second stage is an evaluation stage comprising of tests of the residuals from the
fitted models. They provide evidence of the symmetrical nature of the noise and, therefore,
a clue to the appropriate functional form of the underlying stochastic dynamic system.
4. Testing for Aaymmeta-y, Linearity and
Model Esti1l1ation
The test results reported in this section enable us to first determine whether the Australian
unemployment rate series studied (the output in table 1) is asymmetric or not. Next, we
determine whether the transmission mechanism is linear or non-linear, and if the residuals
from the preferred model are symmetric. On the basis of these results, we conclude which
category of table 1 best describes the input and model of the stochastic dynamic system
that generates the Australian unemployment rate series as output.
Test Based on SkeTDness Statistics
Table 2 contains the results of the DeLong and Summers (1986) test for asymmetry.
For the Australian unemployment rate series, we note that sK, the estimate of SK, is
significantly different to zero at the 1% level of Significance. We conclude that this series
exhibited an asymmetrical data pattern.
Tests Based on Tint.e Series Techniques
In order to provide a benchmark for comparing the non-linear model, a linear
autoregressive model of order p was fitted to the level of the Australian unemployment
rate series. The maximum order of the autoregressive process, p, draws on the information
criterion proposed by Akaike (1974) for the identification of parsimonious models. The
order of the chosen linearAR(p) model for this series is given below in table 3.
As a test for the existence of white noise residuals in the AR(p) process, we included the
value of the Ljung-Box Q statistic for the residuals from the linear model. It is a test statistic
for white noise when compared with the chi-squared distribution. From the Ljung-Box Q
statistic (L-B) in table 3, we concluded that white noise in the residuals cannot be rejected
at either the 5% or 1% level of significance. The autocorrelation and partial autocorrelation
functions of the residuals from the linear autoregressive model were also characterised
by a lack of obvious remaining serial correlation.
Our test for ARCH effects was confined to the Engle (1982) Lagrange Multiplier (LM) test
of the residuals from the linear model. According to the probability value for this statistic
in table 3, the residuals appear clean of ARCH effects. An absence of autocorrelation,
5. See equation (6~14) of Granger and Terisvirta (1993).
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Table 2 Results of the Asymmetry Test Bases on the Skewness Statistic for the
Australian Unemployment Rate Series
sk SE(SK)
Unemployment Rate 0.253 0.0175 14.446 **
*
**
Significance at the 0.05 level
Significance at the 0.01 level
Table 3 Summary Statistics for the Liner AR(p) Model of the Australian
Unemployment Rate Series
n p AlC L-B(DF) J-B (p-value} ARCH-LM (p-value)
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Autoregressive Order: AR(P)
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- r(24 ; 0.01)=42.980
Jacque-Bera Statistic for Testing Normality
Lagrange Multiplier (LM) Test for Autoregressive







along with normality of the residuals, implies independence. The Iacque-Bera a-B) Test
is a test of the normal distribution of a data series and is based on the Gaussian assumption
of independence of the sample mean and variance. The distribution of this statistic is
asymptotically standard normal under the null hypothesis that the residuals from the
AR(P) model are Gaussian. From table 3, the residual series from the aggregate linear
autoregressive model are Gaussian white noise according to the L-Band J-Btests and, as
such, conform to independent, identically distributed (i.i.d.) behaviour.
We need to consider how the nature of the distribution of the residuals from the linear
model, along with a linear transmission mechanism, fit with the results of the Delong
and Summers (1986) test for asymmetry of data and our classification system in table l.
Recall that the aggregate unemployment rate series tested Significant to asymmetrical
output, with the residuals from the linear model (the noise input in table 1) symmetric.
There is no admissible category in table 1 that allows for a linear transmission mechanism
with symmetric noise input and which generates asymmetric output. It follows that we
need to explore the possibility that a non-linear transmission mechanism may explain
the asymmetry of the data via category 3 of table 1.
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To determine whether a non-linear transmission mechanism was more appropriate for
models of the unemployment rate, we relied on the LM test detailed in the previous section.
Table 4 contains the results of this time series test with significance being a p-value less
than 0.05. The lag structure that is detailed in table 4, refers to the number of autoregressive
lags in the linear and non-linear components of the Granger and Terasvirta (1993) LM
test statistic. For the cases where linearity was rejected for more than one number of
autoregressive lags, we chose the number of lags that was associated with the minimum
Akaike Information Criterion (AlC) value for the overall model. LSTAR non-linearity
was suggested by the LM test for the Australian unemployment rate series.


























Table 5 contains the summary statistics for the best-fitting LSTAR model. In fitting the
LSTAR model, different lag lengths, d, were used in the seasonal difference term that is
part of the transition function given by equation (6). Once the number of autoregressive
lags was established, we chose a seasonal difference term with a lag length of one month
for our best fitting non-linear model, again based on minimising the Akaike Information
Criterion (AIC).
For the Australian unemployment rate, the minimum Akaike Information Criteria (AlC)
point to the non-linear LSTAR model as the preferred model when compared to the
corresponding linear equivalent. There appears to be little autocorrelation in the residual
series as indicated by the Ljung-Box (L-B)statistic and no ARCH effects according to the
Arch-LM test. The residuals are also symmetric, with the probability value of the Jacques-
Bera a-B) statistic in table 5 indicating no rejection of the null hypothesis of normality.
Non-linearity of the transmission mechanism along with symmetry of the residuals (as
implied by their Gaussian nature) should result in asymmetric output. Recall that this
scenario was depicted as category 3 in table 1. The Australian unemployment rate series
appears to fit this category. Table 6 is a summary of our general findings.
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5. Out-of-SaDl.ple Forecasting and Evaluation
Out-of-sample forecasting performances of univariate non-linear models, relative to linear
alternatives, has been considered for U.S. unemployment data by Parker and Rothman
(1997), Rothman (1998) and Montgomery, Zarnowitz, Tsay and Tao (1998).
For the Australian unemployment rate series, dynamic and one to twelve step-ahead
forecasts were generated from the univariate LSTAR and corresponding linear models,
with both models estimated over the period. from July, 1978 to July, 1997.6 In order to
evaluate their respective forecasting capabilities, we chose a 'hold-out' period of two
years of monthly data extending from August, 1997 until July, 1999.
Figure 3 diagrammatically depicts the dynamic forecasts over the 'hold-out' period from
both the non-linear (AUSLSTARFORECAST) and linear (AUSARFORECAST) models of
the Australian aggregate unemployment series. Also included in figure 3 is a plot of the
original data and an estimate of the trend (AU5LSTARTREND) from the non-linear model.
6. Dynamic forecasts are multi-step forecasts that start from the first period in the forecast sampie.
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The trend was forecast by removing the seasonal dummies from the LSTARspecification.
From a visual inspection of the original data and the dynamic forecasts from both the
linear and non-linear models, it is obvious that both sets of forecasts do a good job at
tracking the trend and seasonal component of the unemployment rate. Both forecasts
seem efficient at picking the tumingpoints in the data, with the LSTARforecast providing
greater accuracy the longer the time horizon. This is to be expected as the LSTARmodel
is designed to provide a better model of the asymmetry in the data. However, during the
forecast period, the Australian unemployment rate has been gradually dropping. Given
the evidence reported in earlier sections of this paper as to the asymmetrical nature of
this series, what is of interest is how well both models are able to cope with any future
sharp increase in the unemployment rate.


















For a rigorous forecasting comparison, both models were estimated recursively. That is,
the k step-ahead forecasts made in period t are based on models estimated using data
through to period t, Alternative forecasts are evaluated at the one step-ahead, two step-
ahead, through to the twelve step-ahead forecast horizons.
As a first check, the bias of the forecast from each model was computed. Biaswas calculated
by regressing the forecast error on a constant. The forecast error is the difference between
the actual value and the predicted for each out-of-sample observation. The estimated
constant term from this regression is the estimated bias. The bias of forecasts from the
levels of the Australian unemployment rate series are reported in table 7 below. The p-
values for the null hypothesis that the bias equals zero are included in parentheses. Neither
the linear nor non-linear forecast series exhibited Significant bias, with no consistent over-
prediction or under-prediction of the true values.
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Note: Probability values are included in parentheses
A further evaluation of forecasts from alternative models involves testing whether the
difference between the two sets of predictions is statistically different. Such a rigorous
comparison of the forecasts from the linear and non-linear models can be determined
using the ratio of mean squared prediction errors (MSPE) which is a variation of the




7. The MSPE of a forecast, Y~is given byMSPEi =y.I:e2" where eijis thejth forecast error from model i.,;.J
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Mizrach (1991) provides statistical foundations for robust forecast comparisons using the
U-statistic. He assumes that the prediction errors from each model are draws from a
bivariate normal population, (E1, E2). With U = E1 - E2 and V = E1 + E2, then the robust
statistic of Mizrach (1991) is based on the sample noncentral covariance between U and
V. Under the assumption that the forecast errors are biased, he derived the variance of
this noncentral moment by further assuming the forecast errors to be dependent draws
from a bivariate population, only requiring stationarity of moments up to the forth order.
He applies the Newey and West (1988) weights to guarantee the variances are positive
semi-definite functions. Tests with the robust statistic are run against the two-sided
alternative hypothesis that the sample noncentral covariance between U and V is non-zero.
The robust statistic is asymptotically distributed standard normal, and is properly sized
in both normal and non-normal populations.
MSPE ratios and their p-values for the non-linear and linear forecasts of the Australian
unemployment rate series are reported below in table 8.8
Table 8 MSPE Ratios for Linear and Non-linear Out-of-Sample Forecasts
Forecast Australian Forecast Australian Forecast Australian
Step-Ahead Unemploymerzt Step-Ahead Unemployment Step- Unemployment
Rate Series Rate Series Ahead Rate Series
1 0.767 5 0.838 9 0.875
(0.197) (0.280) (0.352)
2 0.819 6 0.847 10 0.883
'(0.234) (0.373) (0.412)
3 0.829 7 0.872 11 0.873
(0.0970) (0.368) (0.368)
4 0.831 8 0.879 12 0.881
(0.2420) (0.368) (0.423)
Note: Probability values arc included in parentheses
For the aggregate unemployment rate series, the MSPE ratios are less than one for all of
the step-ahead forecasts. This suggests that the forecasts from the non-linear model
generated lower MSPE's than did those from the linear forecasts. For the three step-ahead
forecast, this reduction was statistically significant at the 10% level. The conclusion as to
whether the linear autoregressive or the non-linear logistic smooth transition
autoregressive model was the best-fitting model for the aggregate series favoured the
former. On the basis of forecast accuracy, the non-linear model seems to possess the greater
predictive power with most MSPE ratios less than one. However, with one exception, this
difference in predictive accuracy was not statistically significant.
8. The MSPE ratios reported in this study have the MSPE lor the non·linear model on the numerator and that of the linear
model on the denominator.
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6. Conclusion
This paper has examined the issue of asymmetry in the Australian aggregate unemployment
rate series using monthly data from February, 1978, to July, 1999. Evidence of asymmetry
was found for this series. Further, a test of linearity suggested that a non-linear model was
a more appropriate model than the linear autoregressive model nested within it. We
estimated both the linear autoregressive model and a non-linear autoregressive model,
known as the logistic smooth transition autoregressive (lSTAR) model, for the period
from February, 1978 to July, 1997. The LSTARmodel provided a better fit to the Australian
aggregate unemployment data and we concluded that this was due, in part, to the ability
of the non-linear model to capture the established asymmetry in the data.
From both the linear and non-linear models we generated up to twelve step-ahead forecasts
over a forecast period from August, 1997 to July, 1999.While predictions from both models
suggested greater accuracy was generally obtained from the non-linear model, differences
in forecast errors from the both models was not statistically Significant except for the
three step-ahead forecasts.
The unemployment rate during the forecast period was gradually declining so it was not
surprising that the linear model produced reasonable forecasts up to twelve steps ahead.
This was evident from the graph of the forecasts from the both models, as well as from
the statistical analysis of their forecast errors. What promises to be of interest to policy-
makers, and others interested in business cycle fluctuations, is the ability of the LSfAR
model (and other models from the non-linear autoregressive class) to correctly forecast
the sharp rises in unemployment that are likely to characterise future asymmetric
behaviour of the business cycle.
References
Akaike, H. (1974), 'A New Look at Statistical Model Identification', IEEE Transactions on
Automatic Control, AC-19, 716-723.
Blanchard, O.J. and L.H. Summers (1987), 'Hysteresis in Unemployment', European
Economic Review, 31, 288-295.
Burgess, S.M. (1988), 'Employment Adjustment in U.K. Manufacturing', Economic Journal,
98,81-103.
Burgess, S.M. and J.J. Donaldo (1989), 'Intertemporal Rules with Variable Speed of
Adjustment: An Application to U.K. Manufacturing Employment', Economic Journal,
99,347-365.
DeLong, J.B. and Summers, L.H. (1986), 'Are Business Cycles Symmetrical?', in Gordon,
R.J. (ed.), The American Business Cycle, NBER and University of Chicago Press, Chicago.
Engle, R (1982), 'Autoregressive Conditional Heteroscedasticity With Estimates Of The
Variance of U.K. Inflations', Econometrica, 50,987-1007.
Granger, C.W.J. and T. Terasvirta (1993), Modelling Non-linear Economic Relationships,
Oxford University Press.
Ham, M.R. and CiL. Sayers (1990), 'Testing For Non-linearities in United States
Unemployment by Sector', unpublished manuscript, Department of Economics,
University of Virginia.
Hicks, J. (1950), jl. Contribution to the Theory of the Trade Cycle, Clarendon, Oxford.
Stevenson 8<Peat: Forecasting Australian Unemployment Rates 55
Keynes, J. (1936), The General Theory of Employment, Interest and Money, MacMillan,
London.
Layard, R.S., Nickell, S. and R. Jackman (1991), Unemployment: Macroeconomic
Performance and the Labour Market, Oxford University Press, Oxford.
Lindbeck. A. and Snower, D. (1988), The Insider-Outsider Theory of Employment and
Unemployment, Cambridge, MA:l\.1lTPress.
Luukkonen, R and Teriisvirta, T. (1991), 'Testing Linearity of Economic Tune Series Against
Cyclical Asymmetry', Annales d'Economie et de Statistique, 10, 125-142.
Mitchell, W. (1927), 'Business Cycles: the Problem and its Setting', National Bureau of
Economic Research, New York.
Mittnik, S. and Niu, Z. (1993), 'Asymmetries in Business Cycles: Econometric Techniques
and Empirical Evidence', Department of Economics, State University of New York at
Stony Brook, May.
Montgomery, A.L., Zamowitz, v., Tsay, RS. and G.c. Tiao (1998), 'Forecasting the U.S.
Unemployment Rate', Journal of the American Statistical Association, 93, 478-493.
Mizrach, B. (1991), 'Forecast Comparison in L2', unpublished manuscript, Department of
Economics, Rutgers University.
Newey, W. and West, K. (1988), 'A Simple Positive Semi-Definite Heteroscedasticity and
Autocorrelation Consistent Covariance Matrix', Econometrica, 55, 703 - 708.
Parker, RE. and P.Rothman (1997), 'The Current Depth-of-Recession and Unemployment
Rate Forecasts', Studies in Non-linear Dynamics and Econometrics, 2, 151-158.
Peat, M. and Stevenson, M. (1996), 'Asymmetry in the Business Cycle: Evidence From the
Australian Labour Market', JournalofEconomit:Behaviorand Organization, 30, 353-368.
Pfann, G.A. and F.C. Palm (1993), 'Asymmetric Adjustment Costs in Non-Linear Labour
Demand Models for the Netherlands and U.K. Sectors', Review of Economic Studies, 60,
397-412.
Pissarides, C. (1992), 'Loss of Skills During Unemployment and the Persistence of
Employment Shocks', Quarterly Journal ofEconomit:s, 107, 1371-1392.
Rothman, P. (1991), 'Further Evidence on the Asymmetric Behaviour of Unemployment
Rates Over the Business Cycle', Journal ofMJzeroeconomics, 13, 291-298.
Rothman, P. (1998), 'Forecasting Asymmetric Unemployment Rates', Review of Economics
and Statistics, 80,164-168.
Skalin, J. and T.Teriisvirta (1999), 'Modelling Asymmetries and Moving Equilibria in
Unemployment Rates', unpublished manuscript, Department of Economics and
Statistics, Stockholm School of Economics.
Terasvirta, T. and Anderson, H. (1992), 'Characterizing Non-linearities in Business Cycles
Using Smooth Transition Autoregressive Models', Journal of Applied Econometrics, 7,
5119-5136.
Theil, H. (1966), Applied Economic Forecasting, Amsterdam, North Holland.
9976 BUSINESS AND ECONOMIC5-lABOR AND INDUSTRIAL RELATIONS
PUBUC TREASURER (GBR ISSN 1350-2697) BRITISH JOURNAL OF INDUSTRIAL
L G C Communications Ltd. 1744 RELATIONS (GBR ISSN 0007-1080)
Blackwell Publishers Ltd. 1524
QUOTE PERSONAL FINANCE (NLD iSSN
1387-5639) Quote Media Magazines 1245
RECAP (GBR) SCottish Fmancial Enterprise
1245
REVIEW OF DERIVATIVES RESEARCH (USA
ISSN 1380-6645) Kluwer Academic
Publishers Basion 1247
JOURNAL OF COMPARATIVE INDUSTRIAL
RELATIONS (CAN) Universal Publications
1542
THE COMMUNICATOR (ALBANY) (USA ISSN JOURNAL OF INDIVIDUAL EMPLOYMENT
0745-6514) New York State Public RIGHTS (USA ISSN 1055-7512) Baywood
Employees Federation 1526 PUblishing Co., Inc. 1543
CONCEPTS AND TRANSFORMATION (NLD
ISSN 1384-6639) John Benjamlns
Publishing Co 1680
ECONOMIA EM REVISTA (BRA ISSN
REVISTA GALEGA'DE ECONOMIA (ESP ISSN 1413-6090) Umversidade Estadual de
1132-2799) Universidade de santiago de Maringa 1341
Compostela, Sarvicio de Publicaciones e
Intercambio Cienlifico 1378
RISK MANAGEMENT (GBR ISSN 1460-3799)
Perpetui1y Press 4106
RISK MANAGEMENT (USA ISSN 0035-5593)
Risk Management Society Publishing, Inc.
4107
SECURITIES REGULATION LAW JOURNAL
(USA ISSN 0097-9554) West Group 1508
SOCIOLOGIE DU TRAVAIL (FRA ISSN
0038-0296) Bsevier Paris, Ed~ions
Sciantifiques at Medicales 1558
SOUTH AFRICAN JOURNAL OF lABOUR
RELATIONS (ZAF ISSN 0379-8410)
University of South Africa, Graduate ~
Business Leadership 1558
JOURNAL OF INDUSTRIAL RELATIONS (AUS
ISSN 0022-1856) Industrial Relations SOUTH AFRICAN LABOUR BULLETIN (ZAF
Society of Australia 1543 ISSN 03n-5429) Umanyano Publications
c.c.1558
JOURNAL OF LABOR ECONOMICS (USA
ISSN 0734-306X) University of Chicago
Press, Journals Division 1543
TOPICS (CAMBRIDGE) (GBR ISSN 0262-2548
E R Consuttants 1560
ECONOMIC AND LABOUR RELATIONS JOURNAL OF LABOR RESEARCH (USA ISSN WERTHEIM PUBUCATIONS IN INDUSTRIA(
REVIEW (AUS ISSN 1035-3046) Centre for 0195-3613) George Mason Universi1y 1543 RELATIONS (USA) Harvard Universi1y,
Applied Economic Research 1530 J.F.K. School of Government 1563
EKSPRESS - ZAKON (RUS ISSN 0869-7302)
Izdatel's1vo Infra-M 1726
LABOR'S HERITAGE (USA ISSN 1041-5904)
George Meany 'Center for Labor Studies
1546
EMPLOYEE RESPoNSIBIUTIES AND RIGHTS LABOUR (CAN ISSN 0700-3862) Canadian
JOURNAL (USA ISSN 0892-7545) Kluwer Committee on Labour History 1546
Academic - Plenum Publishers, Plenum
Press 1531
SHARES INVESTMENT (SGP ISSN 0218-8716) EMPLOYMENT LAW BULLETIN (AUS ISSN
Pioneers & Leaders (PUblishers) Pte. Ltd. 1440-4532) Prospect Media Ply. Ltd. 4397
1509
THE SPEAR REPORT (USA) Spear Report
1510
TAIPAN (DEU ISSN 0949-7420) FlO Verlag
GmbH 1512
TECHNICAL ANALYSIS OF STOCKS &
COMMODITIES (USA ISSN 0738-3355)
Technical Analysis, Inc. 1513
TICKER (NEW YORK, 1996) (USA ISSN
1091-1936) Investment Investor Group, Inc.
1513
UNDERSTANDING UNIT TRUSTS (ZAF) Profile
Media 1515
VOLUME REVERSAL SURVEY FORECASTER
(USA) V R Trader.Com, Inc. 1516
EMPLOYMENT TESTING (USA ISSN
1065-2531) Universi1y Publications of
America 4235
ESTUDIOS DEL TRABAJO (ARG ISSN
0327-5744) Asociacion Argentina de
Especialislas en Estudios del Trabajo 1533
EUROPEAN JOURNAL OF INDUSTRIAL
RELATIONS (GBR ISSN 0959-6801) Sage
Publications Ltd. 1534
LABOUR (GBR ISSN 1121-7081) Blackwell
Publishers Ltd. 1546
LABOUR & INDUSTRY (AUS ISSN 1030-1763)
Royal Melboume Institute of Technology,
Centre for Workplace Cutture Change 1546
LABOUR, CAPITAl AND SOCIETY (CAN ISSN
0706-1706) McGiR Universi1y, Centre for
Developing-Area Studies 1462
LABOUR ECONOMICS (NLD ISSN 0927-5371)
North-Holland 1546
LABOUR FOCUS ON EASTERN EUROPE
(GBR ISSN 0141-n46) Labor Focus on
Eastem Europe 1546HISTORICAL STUDIES IN INDUSTRIAL
RELATIONS (GBR ISSN 1362-1572) Centre
for Industrial Relations 1537 LABOUR HISTORY (AUS ISSN 0023-6942)
Australian Society for the Study of Labour
History 1546'10 iii A'S REPORT ON SALARY SURVEYS
(USA ISSN 1067-4551) Inslilule of
Management & Admlnistration, Inc. 1686
INDIAN JOURNAL OF INDUSTRIAL
YOUNG MONEY (USA ISSN 1098-8300) J & L RELATIONS (IND ISSN 0019-5286) Shri
Communications 1518 Ram Centre for Industrial Relations and
Human Resources 1538
ZUERICH CLUB COMMUNIQUE (DEU ISSN




INDUSTRIAL AND LABOR RELATIONS
REVIEW (USA ISSN 0019-7939) Comell
Universi1y, New York State School of
Industrial and Labor Relations 1539
A I 0 - AUSLAENDER IN DEUTSCHLAND
(DEU ISSN om-1566) lsoplan Inslilul6498 INDUSTRIAL RELATIONS (USA ISSN
0019-8676) Blackwell Publishers, Inc. 1539
INDUSTRIAL LAW JOURNAL (GBR ISSN
0305-9332) Oxford University Press,
Academic Division 1539
AGENDA (AUS ISSN 1322-1833) Australian




AUSTRAUAN BULLETIN OF LABOUR (AUS
ISSN 0311-6336) National Institute of
Labour Studies Inc. 1523
AUSTRAUAN JOURNAL OF LABOUR
ECONOMICS (AUS ISSN 1326-1143)
Murdoch Universi1y, Centre for Labour
Market Research 1523
AUSTRAUAN JOURNAL OF MANAGEMENT
AND ORGANISATIONAL BEHAVIOUR
(AUS ISSN 1440-4567) University of
Southem Queensland, Department of
Human Resource Management and
Employment Relations 6556
BERKELEY JOURNAL OF EMPLOYMENT
AND LABOR LAW (USA ISSN 1067-7666)
University of Cal~omia Press, Joumals
Division 1523
INDUSTRIAL RELATIONS JOURNAl (GBR
ISSN 0019-8692) Blackwell Publishers Ltd.
1539
INDUSTRIELLE BEZIEHUNGEN (DEU ISSN
0943-2n9) Rainer Hampp Verlag 1540
THE INTERNATIONAL JOURNAL OF
COMPARATIVE LABOUR LAW AND
INDUSTRIAL RELATIONS (NLD ISSN
0952-617X) K1uwer Law Intemational 4259
INTERNATIONAl LABOR AND WORKING
CLASS HISTORY (GBR ISSN 0147-5479)
Cambridge University Press 1540
LABOUR HISTORY REVIEW (GBR ISSN
0961-5652) Edinburgh Universi1y Press
1547
LABOUR LAW JOURNAL (IND ISSN
,0023-6977) Labour Law Journal 4270
LABOUR LAW REPORTER (IN D) Labour Law
Reporter 1547
LONE STAR SOCIALIST (USA ISSN
1067-6155) Socialist Party of Texas 6380
MASHABEI ENOSH (ISR ISSN 0792-0970)
Eush Ltd. 1689
NEW TECHNOLOGY, WORK &
EMPLOYMENT (GBR ISSN 0268-1072)
Blackwell Publishers Ltd. 1551
NORTH WEST LABOUR HISTORY (GBR ISSN
1362-6302) Society for the Study of Labour
History 3835
OCCUPATIONAL ERGONOMICS (USA ISSN
1359-9364) lOS Press 5920
OFACIAL DISABILITY GUIDELINES (USA)
Work - Loss Data Institute LLC 4103
RACE, POVERTY AND THE ENVIRONMENT
(USA) Uitan Habitat Program 3138
WORKERS' COMPo ADVISOR (NEW YORK) .




(USA) Dushkin - McGraw-HiI11565
CROATIAN INTERNATIONAL RELATIONS
REVIEW (HRV ISSN 1331-1182) InstitulIl_
for Intemational Relations 6455
ECONOMlA EM REvJsTA (BRA ISSN
1413-6090) Universidade EstaduaJ de
Maringa 1341
F1NANCIJSKA PRAKSA (HRV ISSN '.
0350-5669) Inslilul za Javne Financije 1.
GLOBAL ECONOMY QUARTERLY (USA 1S$l
1524-5861) R. T. Edwards Incqrporated
1566
INTERNATIONAL FINANCE (GBR ISSN ,
1367-0271) Blackwell Publishers Ltd. 1221
JAPAN AND THE WORLD ECONOMY (NLD,
ISSN 0922-1425) North-Holland 1404
JOURNAL OF CONSUMER POUCY (NLD.
ISSN 0168-7034) Woijers K1uwer N.V. 241!
REVIEW OF INCOME AND WEALTH (USA
ISSN 0034-6586) Intemational Associatioll
for Research in Income and Wealth 1568,
BUSINESS AND
ECONOMICS-Management
. A S 0 R BULLETIN (AUS ISSN 0812-860X] •
Australian Society for Operations Resean:Ij
Inc. 1569
THE ACADEMY OF MANAGEMENT
EXECUTIVE (GBR ISSN 0896-3789) ~
University Press, Joumals 1569
ACCOUNTING, ACCOUNTABILITY &
PERFORMANCE (AUS) Griffith UnivelSill',
School of Accounting, Banking & Finance.
1157 .
ACCOUNTING OFFICE MANAGEMENT &
ADMINISTRATION REPORT (USA ISSN
0749-2928) Institute of Management & .
Administration, Inc. 1159
ADMINISTRATIVE SCIENCES ASSOCIATlOf(
RAGGED EDGE (USA ISSN 1095-3949) OF CANADA. ANNUAL CONFERENCE
INTERNATIONAL LABOUR LAW REPORTS Advocado Press 3714 PROCEEDINGS (CAN) A SAC
(NLD ISSN 0168-6526) K1uwer Academic Publications 1570
Publishers 4259 RE~~i9~~~~~~;;~~~~~~~~t of ADVANCED SERIES IN MANAGEMENT ~I
ISSUES AND LETTERS (PHL) Phillipine Center Industrial Relations 1556 Elsevier Science BV, Books Division 1.,·
for Policy Studies 7117
JOB PRATIQUE MAGAZINE (FRA ISSN
0751-4794) Job Pratique Magazine 1542
ULRICH'S PERIODICALS DIRECTORY 2001
REVIEW OF EMPLOYMENT TOPICS (GBR
ISSN 0969-4080) Labour Relations Agency
1556
ADVANCES IN COMPETITIVENESS
RESEARCH (USA ISSN lOn -0(97) 412














orial Assistant and Subscriptions Manager
Pat Madden
Editorial Board
Garry Barrett The UniTJersity of Neu: South Wales
Broce Bradbury The UniTJersity ofNeu: South Wales
William Brown Cambridge UniTJersity
John Burgess The UniTJersity ofNtwcastle
Broce Chapman The Australian Naticmlll Uni7JeTsity
Deborah Cobb-Dark The Australian Naticmlll UniTJersity
John Creedy The University of Melbourne
Geoff Crockett Curtin University of Technology
Anne Daly UniTJersity of Canberra
Peter Dawkins The UniTJersity of Melbourne
Michael Dockery Curtin UniTJersity of Technology
Denise Doiron The University ofNtw South Wales
Bob Gregory The Australian National UniTJersity
Ann Harding University of Canberra
'oyd Hunter The Australian National University
Raja Junankar Uni7JeTsity vfWestern Sydney
Subscriptions and payment
Subscriptions Manager
Australian Journal of Labour Economics






Telephone 61 2 08 9360 6064
Email pmadden@central.murdoch.edu.au
Facsimile 61 2 08 9310 7725

























The Uni7JeTsity of Western Australia
UniTJersity of York
The University of Western Australia
Murdoch University
Curtin University of Technology
Griffith UniTJersity
Victoria UniTJersity of Wellington
The University of Sydney
The University of Sydney
Curtin University vfTechnology
Victoria University of Technology
The UniTJersity of Melbourne
Subscription rates
·1 year A$35*(within Australia)
·1 year A$4O(International)
·3 yearsA$85* (within Australia)
·3 years A$95 (International)
* Includes GST
Australian Journal of Labour Economics, Vol. 4, No.1, March 2000 - 01, p1 1
Editors' Note
In July 2000, a decision was made to revamp the Australian Journal of Labour Economics
(AJLE) so as to improve its presentation, expand the geographical coverage of the editorial
board, and widen the scope of the AJLE in terms of the topics addressed and the rigour of
published papers. Anew editorial team was appointed to ron the AJLE comprising Siobhan
Austen, Paul Flatau (Managing Editor), Peter Kenyon, and Alison Preston. The editors
embarked on an extensive program to improve the profile of the journal in the Australian
and international labour economics and labour relations community.
The response of labour and industrial relations economists to the editors' initiatives has
been very strong as evident in the Significant increase in the number of submissions to
the AJLE over the last nine months and the enthusiastic take-up of editorial board
invitations by a broad range of economists.
This issue (volume 4, number 1,2000-01) is the first of the 'new look' AJLE. Volume four
of the journal will include a special issue devoted to the theme of Social Security and the
Labour Market. A special issue on Unemployment Policy is planned for volume 5 (2002).
The editors would like to take this opportunity to thank the previous editors Charles Mulvey
and Keith Norris for all their efforts and to express our gratitude to Pat Madden, the AJLE's
editorial assistant and subscriptions manager, for her work on behalf of the Journal.
